PCT/US2004/017649 

WO 2005/001522 

1/24 



Prior Art 





Detector 



Sample 



Fig. 1 



001 



210 



Liglit Director 



250 



260 



Broadband 
Light Source 




Detection 
Subsystem 



002 271 



273 



274 



Dual-Mode 
Waveguide 

272 



A 



\ 
\ 



Differential 
Delay Modulator 



220 



Probe Head with 

Mode Selective Reflector 



wo 200S/001522 



2/24 



PCT/US2004/017649 



260 



201 

A 



Broadband 
Light Source 



Polarization 
Controller 



Differential 
Delay 
Modulator 



Polarization-Selective 



Fia. 3 




Reflector "^^^ L 



Polarizing Beam 
Splitter 3 61 ^362 



CM 

I 

Q) 
% 

o 



7 

1363 



Detector 1 



Electronic 
Controller 



Display & tnterfiace 
Module 



370 



wo 2005/001522 



PCT/US2004/017649 



3/24 



FIG. 4 




372 



321 



PM Fiber 




Polarization-Selective 
Reflector 

Lens System 




Polarizing Beam 493 
Splitter 



424 



Reflector 



wo 2005/001522 



PCT/US2004/017649 



4/24 



FIG. 5A 



201 520 

broadband ooiarizer 1 P^®^® 
light source ^ i modulator 

\ \ ^ 



dual-mode 

waveguide 1 

271 

light router 
210 




dual-mode 
waveguide 2 

272 



detector polarizer 2 
550 540 



Probe Head 
320 



polarization-selectivie 
reflector 322 



sample 
205 



wo 2005/001522 



PCT/US2004/017649 



5/24 



FIG. 5B 



201 510 520 




^ 372 



wo 2005/001522 



PCT/US2004/017649 



6/24 



F/G. 6 




wo 2005/001522 



7/24 



PCT/US2004/017649 




Calculate absolute value of 
r and 6 from the harmonics 



I 




770 



Send data to display 



wo 2005/001522 



8/24 



PCTAJS2004/017649 



FIG. 8A 




wo 2005/001522 



PCTAJS2004/017649 



9/24 



FIG, 8B 



Polarizing Beam 




wo 2005/001522 



10/24 



PCT/US2004/017649 



FIG. 9 



201 



broadband 
light source 



530 

550 variable differential 
detector group delay device 




370 



polarizer 2 
540 



electronic 
controller 



display & Interface 
module 



372 



polarization 
maintaining fiber 1 




322 

polarization 
rotating device 



sample 
205 



wo 2005/001522 



PCTAJS2004/017649 



11/24 



FIG. 10A 



1 



PM Fiber 372 



001 



A 



Probe Head 
820 



002 



r. 



Partially Reflective 
Termination 1010 




Lens System 
1020 



1030 



Quarter-Wave Plate 



A 

I 



PCT/US2004/017649 

WO 2005/001522 

12/24 



« 



FIG. 10B 



polarization 
maintaining fiber 




Probe Head 
820 



part:ialiy reflective 
surface ^ 

1010 O 



V*^P 1030 

" ] quarter-wave plate 




wo 2005/001522 



13/24 



PCT/US2004/017649 




wo 2005/001522 



14/24 



PCTAJS2004/017649 



FIG. 12 



Two 
Independent 

Modes 




Cpntrol 
Signal 



FIG. 12A 



Two 
Independent 
Polarization 

Modes 




Delay Control 
Signal 



Two 
Independent 
Polarization 
Modes with 
Desired 
Differential 
Delay 



wo 2005/001522 



PCTAJS2004/017649 

15/24 



a, .2^-0 



CO 











0) 


c 






o 


OIO 




o 



CM 



OS 

o 



c 

0) 



X JP 



XI CD 

.5 E 

> LU 



O ^ 
CD 

Q 




0 CO ^ 

7=; O- ^ 



.S5 CO 



J 



p a- 



w- W 



0) i5 
-o o 



t 



wo 2005/001522 



16/24 



PCT/US2004/017649 



FIG. 13A 



1302 




1302 



Beam Splitter 
1310 



] Mirror 1330 
1320 

Rotating Optical Plate 



1303 

Output beam with 
variable delay 



1300 

Input collimated beam 



FIG. 13B 



1300 




Input light 



1330 

3 Mirror 

1320 

Rotating Optical Plate 



1340 

Optical Circulator 



Output light with 
variable delay 



PCT/US2004/017649 

WO 2005/001522 

17/24 




wo 2005/001522 



18/24 



PCTAJS2004/017649 




wo 2005/001522 



PCTAJS2004/017649 

19/24 



FIG. 15 



201 510 



1510 

dual-mode 

waveguide 1 




display & interface 
module 



polar1zation-s©lective„y-nj 
reflector 

sample 
205 




r 



201 



Tunable 
Bandpass 

Filter 



210 



Lt^t Director 



Broadband 
Li^t Source 



1610 



271 




Dual-Mode 
VVaveguide 

272 



» 1 



250 



260 



001 



273 




Subsystem 



Differential 
002 Delay Modulator 



274 





* \ 1 

* \ 

1 1 1 

1 > 1 


1 1 1 

\ ^ 






1 < 
1 1 
1 1 

\ j 








r M 
1 1 1 

1 > 1 

1 1 1 
1 1 1 

1 1 








1 ' 



220 



Probe Head with 

Mode Selective Reflector 



wo 2005/001522 



20/24 



PCTAJS2004/017649 



201 



Tunable 

Bandpass 

Filter 



Broadband 
Light Source 



1710 



FIG. 17 



510 



Light Director 



rvi 



671 



273 



250 



260 




Detection 
Subsystem 



Differential 
Delay Modulator 



Dual-Mode 
Waveguide 



272 



1 
I 




530 



Probe Head with 
Partial Mode Converter 



205 



FIG. 18 



Spectrum of light source 



Spectral absorbance 
of sample 




Pass band of filter 



PCT/US2004/017649 

WO 2005/001522 

21/24 

FIG. 19A 




FIG. 19B 




Lens 2 



PCT/US2004/017649 

WO 2005/001522 

22/24 




PCTAJS2004/017649 

WO 2005/001522 

23/24 




wo 2005/001522 



24/24 



PCTAJS2004/017649 



FIG. 23 



PM Fiber 272 



Partially Reflective 
Termination 
2310 



Radiation 1 



Radiation 2 



Lens 



